SUMMARY: Rabbits were immunized with vaccinia-soluble early antigen (Es antigen) in Freund's complete adjuvant (FCA). Circulating neutralizing antibody was not induced, but CF antibody against the soluble antigens of vaccinia-infected cells was induced. By intradermal inoculation of vaccinia virus, erythema developed early at the site of inoculation and enlarged up to 3 days post infection (p.i.). No multiplication of the viruses in the erythematous areas was indicated on day 3 p.i. The erythematous areas showed histologically severe changes involving infiltration of numerous cells accompanied with necrotic and hemorrhagic lesions in a part of the dermis. Eosinophilic leukocytes were dominant and there were also some lymphocytes in the cell infiltration. The role of these kinds of cells was discussed in connection with cell-mediated immunity in the mechanism of excluding vaccinia virus from the immune rabbits.
INTRODUCTION
Vaccinia-soluble early antigen preparation (Es antigen) used here can be prepared from HeLa cells infected with DIs strain, a mutant of vaccinia virus. This mutant produces early antigens but does not induce viral DNA or late protein synthesis (Tagaya, Kitamura and Sano, 1961) . The Es antigen preparation may contain some of the early antigens but none inducing vaccinianeutralizing antibody (Veda and Tagaya, 1973) . Our interest has been paid in the role of this antigen in animals against vaccinia infection. Apparant inhibition of vaccinia virus growth has been demonstrated in the rabbits immunized with Es antigen in FCA. The mechanism of inhibition of vaccinia virus growth might be immunological, particularly of the cell-mediated type, since the rabbits sensitized developed delayed-hypersensitivity and produced a migration-inhibition factor in the absence of detectable circulating antibody. It is necessary to investigate further the above inhibitory mechanism from the view-point of cellular immunity. Histological studies may elucidate the cellular infectious virus. To test the supernatant for interferon activity, the virus was inactivated by treatment with a 15 watt ultraviolet lamp for 30 min at 10 cm . Interferon was assayed by the micromethod in a disposable tray , and the interferon activity was expressed as the reciprocal of the dilution reducing VSV plaques to 50% of those in control cultures. The supernatant fluid was titrated for neutralizing antibody against vaccinia virus on Vero cells and the titer was expressed as the reciprocal of the highest dilution of the test material inhibiting plaque formation by 50%. Hsitology: The skin tissues were fixed for light microscopy in 5% phosphate buffered glutaraldehyde, pH 7.3, and processed as usual for paraffine sections. The sections were stained with hematoxylin and eosin. For electron microscopy, the tissues were refixed in osmium tetroxide, embedded in Epon, and made to thin sections, which were stained with toluidine blue-azur 11.
RESULTS

Antibody Response of Rabbits Immunized with Es Antigen of Vaccinia Infected Cells
Es antigen in FGA did not stimulate the rabbits to produce any detectable circulating neutralizing antibody in 2 weeks after the 2nd immunization (Table  I) . However, the serum of the immunized rabbits reacted against the soluble antigen of Ikeda vaccinia-infected cells (CAM) in CF test giving a mean titer of 1:23. Neither neutralizing antibody nor vaccinia-specific CF antibody was detectable in the serum of the control rabbits immunized with the antigen of noninfected cells antigen as previously reported (Veda and Tagaya, 1973) .
Skin Reaction of Immunized Rabbits to Vaccinia Virus Inoculated Intradermally
In 2 weeks after the 2nd immunization, purified Ikeda strain of vaccinia virus was inoculated intradermally. Table I shows marked differences in the appearance and size of the skin reaction. Each measurement is the average diameter of erythema at two spots. The rabbits immunized with Es antigen responded to the virus challenge with an earlier appearance of erythema at the inoculation site than those treated with control antigen. Erythema in the skin of the immunized rabbits increased in size up to 3 days p.i. On day 3, the skin reactions of the immunized rabbits were 10.3 mm and 13.0 mm in diameter on the average at the site of 200 pfu and 2,000 pfu inoculation, respectively. On the other hand, in the control rabbits inoculated with noninfected HeLa cell antigen, erythema appeared on day 2, and then on day 3, 6.3 mm and 9.0 mm in diameter at the site of 200 pfu and 2,000 pfu inoculation, respectively.
Virus Titer in the Skin o f the Immunized Rabbits after Intradermal Inoculation of Vaccinia Virus
The virus contents of the skin at the inoculation site were assayed. The results are shown in Table II . The vaccinia virus titers in the skin of the immunized and control rabbits were approximately the same each other on days 1 and 2 p.i. However, they were a markedly different on day 3 p.i. The virus titers in the skin of immunized rabbits were in average 102.55 pfu and 102.8 pfu at the sites inoculated with 200 and 2,000 pfu, respectively, whereas those of control rabbits were of 105.9 pfu and 106.7 pfu at the sites inoculated with 200 and 2,000 pfu, respectively. These titers were paralleled with the results of staining the skin thin section with immunofluorescence and by CF test of skin homogenates against vaccinia antiserum. The electron microscopic observation was also correlated with these results; the growth of virus was seen frequently in the thin sections of control rabbits on days 2 and 3, while no virus particle was detected in the sections from the immunized rabbits throughout the experimental period. Table II shows no interferon titer on day 1 p.i. The interferon titer of the skin tissues obtained from both the immunized and control rabbits appeared on day 2 p.i. On day 3 p.i., the titer of the immunized rabbits decreased, whereas that of the control rabbits increased to higher than 500 units in all YUASA et al. Vol. 36 rabbits. Interferon samples obtained from the tissues of the rabbits coded R-4, R-5, R-15, R-16, R-19 and R-20 at the sites inoculated with 2,000 pfu of vaccinia virus were treated at pH 2.1 for 70 hr. All these interferon samples proved acid stable nonimmune one (WHO Meeting, 1980) . No neutralizing antibody against vaccinia virus was detected in any the skin homogenate sample when assayed with Vero cells. Table III shows histological changes of the skin of the immunized and control rabbits on three consecutive days after inoculation. Changes in the immunized rabbits were severer than those in control rabbits on any day. Marked cellular infiltration was observed in the skin of the immunized animals ( Fig. 1) . On day 2 p.i., eosinophilic leukocytes were dominant in such infiltration (Fig. 2) . Focal necrosis and hemorrhage were observed at the inoculation site of the immunized rabbits on day 2 p.i. On day 3 p.i., lymphocytes appeared in addition to eosinophilic, basophilic and neutrophilic leukocytes. Fibroblasts and macrophages also mingled in infiltration. On the other hand, only little change was found in the tissue of the control rabbits until 2 days p.i., and a few leukocytes and/or lymphoid cells appeared on days 2 and 3 p.i. (Fig. 3) . The presence of eosinophilic leukocyte in infiltration was confirmed electron microscopically as shown in Fig. 4 .
Interferon and Antibody Titers in Skin of Immunized Rabbits after Intradermal Inoculation of Vaccinia Virus
Histological Examination o f Skin of Immunized Rabbits after Intradermal Inoculation of Vaccinia Virus
DISCUSSION
In the present study, purified vaccinia virus was used for intradermal inoculation of rabbits. Multiplication of the viruses was inhibited in the immunized rabbits on day 3 p.i., while the virus titer continued to increase for two days (Table II) .
Neutralizing antibody against vaccinia virus was not detected for 3 days in the skin at the virus inoculation site in the immunized or control rabbits. Interferon titer in immunized animals was high on day 2 p.i., but decreased on day 3. The interferon titer in the control animals, however, continued to increase on days 2 and 3, which may correlate to multiplication of vaccinia virus. The interferon from the immunized and control animals was found to be acid-stable nonimmune one, suggesting that it was induced by virus rather than Es antigen (WHO Meeting, 1980) . The induction of interferon is considerably important for the animal to recover from vaccinia virus infection (Levy and Lvovsky, 1978) . The effects of interferon in this experiment seem to be important particularly at an early stage of infection.
Microscopically, the erythematous skin legion in the immunized rabbits was characterized by necrosis associated with large accumulation of eosinophilic leukocytes in 2 days p.i. as compared with that of the control rabbits. The observation may give us a morphological basis of the host defense against vaccinia virus infection. Ueda and Tagaya (1973) demonstrated that Es antigen obtained from HeLa cells infected with DIs strain virus stimulated the animal to become resistance against the virus. They ascribed the resistance to cellmediated immunity (Allison, 1967; Hirsh et al., 1968) . Subcutaneous necrosis and the antibodies in sera reacting to the soluble antigens of the vaccinia virusinfected cells in CF test are suggestive of participation of cell-mediated immunity, particularly an antibody-dependent type, although we failed to demonstrate the effector cell. The effector cells which possessing the Fc receptor to antibody on the surface of the virus-infected cell have been considered to be not only null cells but B cells, macrophages and neutrophilic leukocytes. It is still not known if the eosinophilic leukocyte has the Fc receptor. We think that such few effector cells are enough to function so that we failed to detect histologically the antibody dependent cell-mediated cytotoxicity. The eosinophilic leukocytes accumulated in such a large number may have resulted form reaction against necrosis. The development of necrosis in the infected cells should be attributable to eliminating vaccinia virus from the immunized rabbits at an early stage of infection. On day 3 p.i., there appeared lymphocytes and basophilic leukocytes. We think that the lymphocytes also contribute to exclusion of vaccinia virus from the immunized rabbits by lysis of the virus-infected cells at the next stage of infection, if the lymphocytes seen are members of T-cells. Many studies on Tcell cytotoxicity with the virus-infected cells in the in vitro system have been reported (Ho,, Babiuk and Rouse, 1978; Woan, Yip and Tompkins, 1978; Rouse and Bobiuk, 1979) . The basophilic leukocytes may contribute to the exclusion of the virus from the immunized rabbits by the cell-mediated immunity reactions as mentioned by Dvorak and Hirsh (1971) . In the present study, however, the role of basophilic leukocytes seems to be minor in exclusion of the virus from the immunized rabbits, since the number of basophilic leukocytes accumulated was not so large.
The immunological destruction of the virus-infected cells may on the one hand serve as a defense mechanism against certain viral infections, while on the other hand it may work to induce the reaction of the host. A similar relationship was seen in this study. The cell-mediated immunity of the delayed hypersensitivity type is considered to have contributed to the exclusion of vaccinia virus from the rabbits immunized with Es antigen, while T-cells in infiltration may have produced lymphokine which would have caused the pathological reaction of the host.
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